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PROBLEM TO BE SOLVED: To obtain a coating composition for producing an electrical 
insulating thin film, capable of producing such a porous silica thin film that is low in relative 
dielectric constant, has mechanical strength sufficiently endurable to a CMP (chemical- 
mechanical polishing) operation in a copper wiring process for a semiconductor device, and 
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SOLUTION: This coating composition for producing the electrical insulating thin film contains a 
silica precursor, a block copolymer, an acid catalyst, and a solvent, wherein the silica precursor 
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alkoxysilane and/or a bifunctional alkoxysilane based on an amount of silicon atoms which are 
derived from a tetrafunctional alkoxysilane. 
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b^j^x^i ( i -yp^^) ->^>, bx 
;y^x^;l/ (n-^ h*5y) V^>, t'x;l/^yx^;U 
( s e c ~y b^r^y) i>^>, b*x;l/^x^;U (ter 
t-^ h + S>^^>) , b^y7'Pb^F^i/y7 
>, bxj^7°ab>xKyy7> v bxji/^7Pb 
;L- (n-yp^^^y) 5y^>. fcfx;U^^p b;y (i - 
^P^^^>) ^>^>, bxj^^PbiKn-^'F^ 
Sy) ^>^>, t'x;l/>>^p t'JU (s e c-^h + ^y) > 
trx;US?"7*Pt:*;l/ (ter t-^h + iy->^>) 

[0 0 2 0 ] l-BT«tt*iJ:iy 2WlfttSfe©r^n 



9 

^h^>->^>, h y^^x b+^>->^> 4 m;x 
h y 7'nt*;i/x h+v'^^v, hy:7*x;i,^h + 

xh^»7>, is? *^)lzsx. h^i'is'yy. 

xf;l/7xx;li/xh+^>7>, ^y^Jl/i^y 
h4 1 > / v'5>, ^^^iby^ h^>'> / 5>, ^x^;^ 

x^;l<:7 xx;i^y h*^^>tt£*<D#*tf 6 

[0 0 2 1 ] *fc, y^JUt^^ h*^>^>, 
xh+yy7>, x^-Jl/v^ h^:>:>^>, x^;HPx 20 

h + e>V7>, 7 , nt>^Ffyy7> 1 T'PbVI/J/ 
Xh+yy7> s 7^XJl/y7Ft^>7> t ?xX;P 

^Ll^^a + Vy^yitt, h 'J^^xh^yy 
h»JX^Jl/XFtyy 7 >, h'j7'Pt^Xh + 

^Jl/x h^>^>^>, ^7xXiM^jbxKyy7 
>> ^Jl^x h+*^^-7>, yxfJl/yxKyy 

y7xXjl/yX^>>y 7 >^ y T^I/X^I/^X 30 

h + ^>^>, ^f;l/7xxjkyxh^^>7>, x^ 

[0 02 2 ] it t J X (x Y*fisJ*)l>i/V)\,) * 
f 7s (x Y*risV>y y£>. t'X 

(X b*i/isJ?JlisV)l) x£> v t\X(xh^^^ 
7xXJl/>yiJjb)x^ >, 1, 3-t'X (X^yy^ 

:/p^>, l, 3 b'X (xh^v'iyy 
^x;i/^i; ji/) ^'p^o^ 3-yxF^y^l, 1, 3, 
3-f F^y^Jl/^yP^ty, 1, 3-yxF^y- 
1, 1, 3, 3-f F77xX^yPtf>, 1, 2- 40 

^h^y-l, 1, 2, 2-7T h^y 

1, 2-yxF^y -1 , l, 2, 2-f F77xx;^ 

[0 0 2 3 ] ^i?|gf*{c«±iac7)r;U3^ 
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rfc^s totter sfc, *»w«c*j»4^y*«rig# 
(a) fc$W3ft**»^»±tt. ^y*mrig# (A) 
<DW^%mm<r>is^ s-frmxm&Lx s i -o-s i is 

[0 0 24] U -«SC ( 1 ) 

M«[^fttCft*-rsa3RiR^-<b-«SC (2) *5 
2W*^©rii/3*^^^>toJ:tf*<Dtti*»)»^ ft 

(2) *jj:iy/*fctt (3) vikstizimmtexv 

/ £ ft {* 2 -eifttt© r 3 * V > ^ > fcJ: CJf 

mm. ^^wccft^ft-rsasRiR^cD^ii/tt^i -5 o 

D ft?il<(i5-3 0^i/V <£D»£L< 
ttl 0-3 0^b%t^ o lWf^*jJ:tf/*fcra2 

[0 0 2 5 ] *IWir» l Wffett 2 w«ft©r 

[0 0 2 6 ] *^CD^7fJM^*CD^ »J ^7m(|gf*CD$ 

3I»i2-3011%WJL<, »??3cSttK:*>« 
;XK*»w«c*jtfS«i*'^- (B) 

'Jv-t**), R^P v^ns^y l^CD^y 
[0 0 2 7 ] cct, ffl»tt3Wa«CC^fr*4 4«. 
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v - fffl r (Dffi»MKflt#ciN» 3 ft , * OftOISt^ P 

* ^ n# y y ^3&>6S**e>nr^u*^ffM 

3 ft 2 tcCNKc # & S fc tt'h 3 fctLS «* o?L** 

[0 0 2 8 ]Jlftt9«:^^3jp'j7-iLm # 
'jx^u>^ y ^-;i^K y t" u> y y a # y 
x^u>^ y n y -7 ^ u > y y p -;kdJ: 5 & 2 

y ?'p t° u > if y p - y x ^ u > ^ y n -;b?j< y 
pt'u> y y p - ji/, *yxfu> ^ y p y 
u > ^ y 3 y x ^ u > ^ y p - ju& £<Dfi[§ftt£<z) 

[0029] 2 ?y*fcP-Jk x'jx>jh-;k 
^>^x'jx'j h — F—Jk "<>F~x, ^ 

^yh-^, -^*v-* % ^F-X&£&cttit3ft3 

i # »; l acf /x« tpp+ ^ 

& < <t fc 3 i&zfu y v-«#s*S£- LfcflBtr 

# y U > ^ y 3 - y :/P t y P-Jk x 

y x y f y x ^ u > >?* y p-;i/# y t* u > ^ 
y ^ - ; 1 # y x ^ u > y y p - ; u & t :tfi& * ft 4 o 
[0 0 3 0] ±B©«HWKJ^r few^ic 

Jk ty'j h-;K XU^h — ;k -e;l>^F-Jk y^ 
fcfF-Jk F-;k rF-F-;k -feafcrF- 

;k Wn-x. :?;i^F— x^p-x, ^#F- 
x. ^>y-x, a/^F— xyxp — x, 
p-x, TJl/P-x x ytf'-x, v;U#~x, 
X, T^b^-X, >fvv;UF— X. r+XFP-X, 

§1 ^n>8, £Ol^p>BiL ^;UP"^F>tt. ^ 
;Up*££>BL Xl/^>|, U-**7y>BL 
F>»> #^^p>$l ^y-fey> 

;ucc r ^ * u > * f * Wfln*^- 3 # fcffltttto* 

lx>-^^ y ;I/X— ^'Jt^y7°qt s U>7 t ) y ;!/ 

x-T^^i/. jj<y *+t/x5 l u>^u^;ux-^u, ^y 
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>-fe^;ux-~7^;L\ 4< 'J^tv^P b* U>tf;bi-f 

y7*Pb°l/>Xr7 'Jil/X-f^ftiWen^o 
[0 0 3 2 ] ±EO^P ^ ^3#y v-jRMiattWKH 
5E S ti ft c» 3^*»» » 0 tf> , jftlKttfc J: CKi§«o y ;u * 
;ux — f*;uS, 7Jl'+;l'XXf';H, 7^^; F 

a. 7J^j^-^-hi, »^u^>S4dj:^ h yr 

^©^fflJsSW^o^ny^ri^y^-oMtt, i^r 
10 teases ^3#y v-ty^cDWtS^u v-^^t^ 

?pyv^«tc*fLTlM%«±d*ti*i, *»W 

©«d*o-^r*4*?Ltt^y *»i©Kitt^fi < 
»W3ti. *to»riS^JtBWl*3WtiiS3ti*. iss 

1 0Il%«±t^^ o 

[0 0 3 3 ] *»^fc*JL^Tfl9C^n4W«#y V- 

±ta^p^^n4<y^-jy^tc v swshs^yv 
y < i fe- -o©tR«hi*ss/ y ^7 

20 «riB»cc»L/r{i^«c^?sftftit*wr*#y v-t 

©4>tt< i ^-o©$ai^y y ^Bu|gf*cc»urfl:^ 
wcc^Rgttft**^ **y v^tcocirgttwr*. 
[0034] iaft# »; b, mmiLi 

-8(D(^ Mtt1oJ;«©ri^ibx-fib 
8, 7J^ii'XXfiH^<J;t>7i^ii'7 5 FS, 
30 *ji/*7-#*- hS^*tff>ti^ 0 fir, ^yv-o 

Lt^'Jx-f-Jk ^''Jxxfik #y*-#*-h. 

y^ur, #yr^yji/». ^'j7^y;HxxrJk 

#Vj*Z2V)IWI, *y 'JJUx^fik ^'J7 

^ y ji/T 5 F . 4< y ^ £ ? y ;i/T ^ F\ # y t ^ y p x 
Fyj^ *yy*^ynx f y;i,, ?i<y^u7^>. >^ 
y^x>, Jtty t^;lx-r;k ^'Jb'xj^^^ ^ 
y txjl/7 ^ F\ ^y t'-x;l/7 ^ ^'Jt^x^f 

•jAqy>{tt"xijf>, ^yx^u>, 3^yiyp+it 

s^yx;^ -f f, sj<y^ji/*>, ^y-Y?>. ^y 
[0035] cn6o*w^(D«W(ir$,^^yv 

50 o^r-rsnBiffctttcsafcian-ri, Biwis^yx-f- 
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Jk niJS«#yxx^k IIBM(i*y*-#*- K Hi 

[o o 3 6 ] ±sa#y 7-H#ttr*r>ti a*cD?K 
mi <Dffittm# yx-fiwjiir, y x * 

^1/>^'J3-Jk #y h y y *u>? y n-Jk # 10 
'JrF^y^I/y^yn-jk ^* y ^> £ y ^ u > y y 

^-Jk sj<y^**v 
* y ^*+H2A>«ci*©TJi/*u>^y a-ji/jK 
r\ -e<D-r<^c< <tfc — 3©5fctt#TJi'*Jux--f'jk 
T)i^r)i^^^)i, y ju+ )ir ^ F> 7^*^*7-4?* 

[0 0 3 7 ] fll»S^^ i ;x^^;KZ)^ffiS4x^f-;Wb 20 

;k ^at'ix-fjk ? y ^^x-fvufc^-ex- 

y #y x^u>^ 

'Jp^^^Jl/x-^K # y :/pt:u>yy a— ;i, 
^y *;ux-f- ;k #y -fy^i/>yy :n-;npy ? 
;t>x—7^k # 'Jxf u> y y ji^x^jbx— f- 
Jk #y x^U>^y rJ-;l/^yx^;Ux — fJk s#y 
x^U>^V3-j|/^^^;px-f*;l/, ^Ux^U>^ 30 
y a— .rt^y^^jl/x — f-jU, #yx^u>#y 
2^y^5^kx — f-jl/, # yx^U>rH'J ^qb'Uv^' 

ynH^^^j^-f^, y y -fey >#y x^u>^ 
y ;i/ h y y ^■jt'jE.-Tvk ^>^x'J x y h-;i/^ e 

'Jx?U>^y-Jbf h7^fJbx^fjK "<>^F- 
^yx?U>^y3-j^>^^Wx-f;l/, v;l/ 
b'h^^»Jx^u>^y 3^;^t^^ji,x^r;l/ 

[0 0 3 8 ] ^CCx^^Jh||t»olBI»IR#y x-r 
^ailtlt ±§B7JU*U>?y:a~;US©4>&< t 40 
fc — 3©*4B*Wit«, SlxxfJk ^Pb't>»x 
^f^ ( 7^y;i/g?x*^;k y^^y;Hxxf;k 
Slf^xxf;^ LfcfcO&£#W6ft£ 0 Sfc, 
r;l/*u>^y^ - ;l< m<0 3f38 % f) ;v * ' * y )l x - 

[0 03 9 ] *#WCC««Att, #yx?u>^yn- 
wy^ixxf^, ^yx^u>^j3-;^8x 

* 7^k & y ?"p h* v > y y a -wy^ixx^k 
y 7'p b u> y y a - ;i/^ixxfjk tfyx^u 50 
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>y y n-^jcASBlx^^ji/. #yx^u>^y ^ 
-;t^7# y^KxxfiK #yx*-u>^y n-ju^e 
^^'Jjbiixfik #y x^u>^y n-;l^y 
£^ y;Hx^f;K rj<y x^u>>/y a-iit'xijji 
i^y ^ Jl/x - *^y ?)l>x.z fvk # y 
y n-jUb*X^;l/^+^y ^jl'X-f^y^ fil/x 
;*f*;k yy y >^y x^u>^y f 'JS»x 
XrJK -^>£xy*y H;^»Jx^U>^y rr-;U 
7* F 7Sixxf;K ^>^F-WJx^u>yy3 

y ^-ju^+^Kx^f-^&i^iT* Li^Ji itf 

[0 04 0] *»(C7 5 K»*»-3|BI*«#yx-^ 

fe^o©*iS«:^7;i/^^y^;Ux-^;HtU, 

Lfc*<fcK7 5 NfcT*#& tt£jWWf6*i. Jif*W 
tett, *yx^i/>^y3-jbb^ (^Utf+^y 
x-f;b^^?;b7 5 F) t *y^Pbu>^'j3-jb 
(^;i/^+^y ^iux-f-^^y F) , *° 

yx^u>^y 3-;i/b^ (^7;i/^+e>y ^;ux-f;u 
^x^i/7^ F) , ^y*iz y>^<yx^u>yy 
F y ^;l/x^f^^y ^7 ^ h\ ^>^? 

xyxy h-ji/^y xfu>yy h^^jv^^r 
i/M ^-jUx— r;U^y ?-)]/T^ F, ^>^F-J^f yx 
^ u > y y ^ - ; l ^ > ^? fj ) l & ^ > y ^ ; u x - r ; u *✓ y 
F, v^bF-i^yx^u^^yn-jKt 
1t*J^*^y ^;l/x-f-;u^y 5 F&^ WiS 

[0 0 4 1 ] *»(CT JU*^*r-#*- h»*»oIMS 
^ y x - -r t L X I* , m*. ±85T ^ * U > ^ y 

W^xW^^iJX^l/y^y^-Jk b^X h + 

^Wx;^ + ^yxfl/>^y n-jU, t'^x h 
+ ^^Jl/*x;l, t + y 7'P b* U > ^ y n-Jk b'X 
t e r t - yFt^Wx;^ + ^yx^U>yy 

[0042] 3&fc*»te*u*>iS't>h yrju+Ji/^ 
y ;Htr SEtt L /cfl§M^* e y x - r ;k« fc -5 c & 
**r#5 0 f y TJW+^y^acttTtt f yy^>y 
^tt^ccjja l< , cn«Fy^^^pq^7> 
•^h y^^;^Da^yjb7i2 h7? F*fc&*^+U-y 
^^>7f>^iicj:orter#^ 0 mffiK4«yx 
znuDMtbxu, ^yyynyp, #y*^*a^^ 

F>, 4<y b°M'n7^ F>f©b Fn + ^^;^>gt(D 

fcct^yx^ix> 
**1fU-F, Jpyx^l/>X^t/^- F, ^ijxfl, 

>r^-h, tfjy x^u^-te^-fr— f, ^y7'abi/ 

>T^-F, sj<y :t*^>>X^U>T>^~ h^(D^ 
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h». ^u£>sse>KB h y r;M^>y 

[0 04 3] ISI^#y*-#*-h©«iL/rB, £ 
>#-tf*-F, # y^>£y^U>#~#*-~ K # 

y^**^^u>*-sK*- F3f©<Fy F£ 
wsci^'^ R#yv~©4>tc< it— ootKs 

a h y r >i * ;i> y ^Sr^tt $ t©tW4ti 
[0044] mm^vry^j f^ powiu 

B. ^IKSP^iLT^y va^W+S/F, ^'J7^ 

;M^U*7-#*- FS, *U£>SS6K:Bh -J7W 
;l^> y tifcfc©*^tf & C 4 #r * 

[0 0 4 5] f^, 7^*U>yya-rt,4BS9R»2« 
±<DT )l ij ><DI3— R JRJR^f ±{C|S^ L/T I > ft t > 2 f@<D 

g> yji>#;t,BL T^tr>K, b"^y>M, 

sb^ y tim%mt<Dmm±m^cmm(DX:\ 
-jb«4 o r»tt# y v-iat 5 a^F-rttc j: o < 

SS^WT £ C i*SnIIBtca tl If* y v- 

[0 04 6] ±IE<Dcfc5ft3£«S£feo#y v-«^n 

fotto. */c, *IM3T«, #^rtcc^&< 4fc—o© 
S^UIfett y v - *> flic > * C 4 * 

[0047] m^m^mmt Lratr-Mk tr~ 
y^>S, tr-u>* % yy$^;us, ry;us, 
yu-Fi, ^^^'ju-FS, r^y^r^Fi, ^ 
*^y;l/T5F», *;u*"+*x;ua, tFo + ^I, 

s ttjfltwr 6 ft s . c ft 6 cd wtfca b# y v - k 
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- f- )v m tc 4' (D x - if - £ o r *S£ l r i > r 4> <t 
teWflBato^rfc, t*~;us, ^'jf>i, b~u> 

'JU-H, 7^'J;b7> Fl, jrf*£yjUT5F«# 
10 [0 04 8] Wt£4< 'J^tUt Bfl^flWCC^ft < 4 

#y*-#*-F, #';7>^-fF7^F, ^y 

7 5 F, ^y^U^>, #'J^l/7, &V7 2V)lttl % 

#')7^»j«^fik ^yy^^y^K, spy^^ 
^'jiUj^fjk 4<yr^y juts f, ^yy^^y 
5 F, #'J7^ y h y >-J< y> ^ ^ y nr. h 
y;k tfo^uy j jj<y^x>, ^'jb^i-f 

;U, ^y tf:=.Jl/^ ^'Jt^7;F, ^ f Jb^ 

^y^>n^>{tb*r.;b, *y^ay><fctrr.y7 s >. # 
'jxfi// ^y->p+^>. ^'Jxj^^f. ^'.ix 
;u^>, ^y^5>, ^°y^5 F, -feina-*. fect^ 

ftti^rfcJ:^. *fe«i* | jv-H:l«lr421 
[0049] ±Eo#y v-o*rfejff»cffli>e>tt4 
h , ^ y r >^ ^F7-f f, 4< y r ^ f\ y s u * 

^■j^U7 l ^'J7^'J«, ^'J7^'Ji«xX 

^•J7^yjv75 f\ #yy*^'j;b75F, ^yf-- 

ytr;l/7^3^;k 4<y-Y5>, ^'J^^F^a^ 

«Stflt»4-r««>or**. S6cc, «a-ra<fc^ccjp 
b, f»»*ffltt©(sc^ii»issi<yx-f-;u v mi»tt#y 

[0050] *«wrfflt»*c 4**r**«^ttmi» 
twr**«#yv^o>»#**Eccftftwcc^. 

ttfc, JaTTJU*U>4B^^U>, 7*Pt* 

^^if^^b>, >fv^fyf>, i, 2->^ 

^;Ux^U>, 2, 2 -^-^^iP F y y*U>*JiL/, 

so F y;us, 7-wi^&i*©7 y-Ji/»*JiL, 
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#A,Z)Vm* Ti>t:>m, tV'J>ft X^y 

[0051] (a) *yrji/*u>yy=2-ji/ (^^) 

;U (y £) J^y r;U+U>^y 

rjl/X-f^k sj< y 7 U> ^ y :3-;l/>> tf—Jl/X- 

^y r;b+u>^y n-jur^+jux-T'Ji't^ io 
f*^ , sj* y r;u * u > y y n - ;u v y y > ^ - r 

[0 0 5 2 ] (b) #y*^P-7^h> jr) rd?y 
M"?*? F^^'J^Jl/X-fJk #y h>fc: 

^xxfik ^y^^^^hy^y^^j^x^f 20 

k ^'J^^q^^hy^'Jy^x^fi 

t\x.;i/x-f;k #y#:/n^ h>^y^^;uxxr 
;Uh"— Jbx- 7-;k 4< y *^P7 # h >t , x;bx^f^ 

y y ^wi/x-^k tfyjjyu?? h>^y^^;px 
x^i^y^wi/x-^k ttirecf^sti*. Jt*S 
*5i>ttW*W«:7*y u~ F3l> y*fju-ni, 
yy^;^»>c!)«^Ri««c'ertB»t* , o# 
y^T'p^^Fx 30 

[0 0 5 3 ] (c) #V*^P7f h>h'J*-;l/© 

(y^) 7^yu-F, ^ (^^) 7^'ju-K by 
U£)7£yb-k b\=-;Ux~T*;k ^tx^- 
T^k hyt'x;l/x-f;k 
y wwux— fvk h y ^yv^x^f^ 
( d ) *✓ ±) ;i> >st i 7 ju * u > # y n - ji* i cdm^{* 
>*****c»ttw*«{cr^yb--h* 1 

[0054] (e) H-*«*4c*ttPi5iaB6cr^yu- 40 

fi^ pjf I a Wt£3& t> oHiKtS ^ y r ;u * U > * - * 

-ho 

( f ) i?tr)i#>mm7m<Dm&#-ci>*) , «^7^ 

Fo 

[0 0 5 5] (g) #yyy*/t/Jb 7^'JU- 

F, ^yry;u <y$o r*y u-f. #y tr-ji- 

*> ri"Ju-F* ffiiMcctr.;^ yy^ji^i, 50 
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7 y ^S^cDttfeS^WTe^ y 7 * y i«xx tmi^ 
#y y;ustxx^;u 0 
(h)#y>r^a^ #y tr^.;urt? F^otf 
;k xtf+^iifflg*. cti60*rfc, «a-i-*J:5tt 

y#-#*-F. »BrtK#yy WW F^^ FSc£**» 

[0 0 5 6 ] K±*»W«:flic> & c 4©r * y 
^-tco^-ClftWL/fc^ *»#yv-©^f«tt|fcT 
0 0-1 0 0 77, *?£b< ttl 0 0-3 077, <* 
9J?£L< tt2 0 0-5^t*5 e »T**s 10 0WT 

fc^^Ltt^ y #»Bt#f#e>ntti> u * y 

l\ <fcf3Jf*Lt^yv-O^«B2 0 0-5 

[0 0 5 7 ] *«RrBl*4^P ^pjpyv-©^ 
ci » ^<D»-T-J1« 100^10^ IffiKBl 00- 
5 <fc«9ifSb<«2 0 0-277-C*S l , #^F*W1 

ooOTt^iomtfe, ^y*mg(*4*y^- 
wsaittt*«»a3*iat^ yv- 

^o**> l««»tcStL0. 0 1-1 0S«SP. *f* 
U<«0. 0 $6iC»$b<«0. 5- 

3KJKBr*S 0 W«#y v-<Dj8»**$0. 0 lft 
WAfJ^ttl^^aftaWtfeti-r, *fcl OSMSBcfcO 

><tt t +»tt«tt*H»tt**rs*?Ltt^y^3W»6 

[0 0 5 8 ] pSj, T;l^n^^>>^>cDf±jA^S^SP7K 
iB-« ( 1 ) - (3) CDS i OR 1 !^ 1 0 0%M 

Mi^nts i omcsco, $^^c 1 0 o%jf^u-c 

ac<b©T*4«gM{ (C) teoi>TiftBJ3-f £ 0 *»wtc 
fflt>4CiOT**«*|t (C) T^3-Jl/*att|. 
^h>^SJK, T 5 F Si8»J;^x^7-j^M© 

[0059] ccr, r^p-^nasiii ir«, 
y — ;l/ v x3?^-;K n- ^a^sy— i -^p^v 
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— \ ;|/, n--^>£> / — ;k i--^>£y 
— ;l\ 2 -j* Ffoy'Z y — ;l\ sec^>^-Jk t 
~-"<>£y— ;k 3 h+^^*y*-Jk n-^+lf^ 
— 2 ^;U^> 5? y — Jl\ s e c -•'x^+J-y — 
2-x^;U^^ y — s ec-^7'^y-JW 
-)l~3, n-jr&$ s — )]/ s 2 -x^jU-\^i^y — ;U k 
s e c~t^^^-Jk n-S~)\s7)\/X3 — )]/, 2, 6 

^:7 4 £y-;l/-4, n-f**/^— sec-^ 
IsflsiVTfozi—)],, h Mf;^^^7^3-;k s 
ec-fF ^7 s i'A'TJl'=i — ^> sec -^^^r^l'T 

^p^+^y^;k 3, 3, 5 - h V ^ P-"^ 

a £(Z>t -/ r ;b n - fci^u>^'j3- 
;k 1, 2-?'Pb'l'># 'y p-;k 1, 3-^^U>^ 
'Jn-Jk ^>£>>> 4, 2-^^;u^> 

£>^*— JU-2, 4, ■^*if>> ? *— ;i/-2 , 5, 

— 2, 4, 2-x*Jl^+lf>i?:f— A<- 
1, 3, j/if P-;k 

;u k MJi?k>^y3-Jk h y b u > y y n - 

;bx-7*;k x ^ u > ^/ y P-Jk^y :7°p b';l/x— 

#"y — )i^ty^\^r^)i x.~~ J r)l, x^u>^'j3- 

x^;i/^>;i/x-^;l/, vx~f i/^yy^-M^y? 
;bx — f ^x^u> ^ y 

^x^u>^'j3-jl/-ty7 t nt';l/x^fik ^x 

3 — Ji/^e y -^s+ isfos. — -r ;k 7 ( at*i/> ^ y p — ;u ^ 
y^ ^;l/X — -riU, :/p fcf k> ^ 'j3-j^yx^H 
-f-;k :/p t"u>y y 3-j^y7 0 aejbx-fJk 
?°p t* u > y y a-^Ry^^Jbi-rJk 
>^ y 3-;l/^y^^jUx-f ^7*ufk>^'J n 
-jRyx^jH-f)k >^°P b*U>^ y p-Jl^y 

SSKtti***tf 5C <h#r*£ 0 Cft£><DT;UP-^ 
l«*«C^»2««±*ra«F5CffimLr«>J: 

[0 0 6 0] CfifcTA^— Jl/(D5%, 
;k i _:rp;\"y — ;k n-:7£y— ;k i_:/£y- 
;k s e c-^^^-Jk t-:/*^ — ;k n-^>£v 
— ;k i y — Jk 2 ^;b*/£y — Jk sec 
-•^>£y-;k t--"<>£y-;k 3^K^>7"V 
— ;k n-^+U^ — ;k 2 ^;U^> £ y — ;k s 
ec-^f/wk 2-x^;k:/£y-;k 7'Pt'k> 
^y 3-Wyy^^x-f-JK 7'P b'W>^y n — ;l/ 
^yx^Jl/i-fik 7'ab'k>^'J n-Wy^P b° 
;Ux— f-;k ^Pt'UV^'J ^-Wy7^Jbx-f^ 
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J&iWSU^o ^hy^iiltit T*?F>, ^ 

_n-^^^h>, *yx?;^F>, i 

;U^rh>, ^^JU-n-^ + VJl/^- h >, ^~ i -^Jl^ 
f->, F f J^^yty>, y^n^+ifyy. 2-^ 
y >, ^^^p^^y > v 2, 4--^>£> 

*3>&<STG>«#», h>, 2, 4-^tf 

10 >^*>, 2, 4-^7 9 ^>^^>, 3, 5 -^7°^> 
2, 4-^^^>^^>, 3, 5- *^£>>> 
2, 4--/^>^*>, 3, 5-y^>^^>, 5 
-y^;l/-2, 4-^*-tf>^^>. 2, 2, 6, 
h^y^jU-3, b-^y°5>i/*>, i, l, i, 
5, 5, b-^W )l*V-2 , 4-^^^>^*>& 

[ 0 0 6 1 ] T 5 F^SBii LTti, WA7 5 F\ N 
20 -yfWil/A7U\ N , N-i/^^i^J!/A7; 

F\ N-x^W;l/A7 5 F\ N. N-i^x^;^^A7 
5 F\ 7-fe F75 K , N-^^;bT-fe h7 5 F, N, N 
-^^7-i2h7> H\ N-xW7^F7^\ 
N, N-^x^;UT*fe hT 5 N-^f ^7'Pb'tyT 

> F\ N-^^;Ub*n y N-^;i/5;i/^e;u^y>, 
T-fe^;I/^r;U* y N-T-fe^b^y N-T-fe 

30 [0 0 6 2] x^f^glibm yxfJ^-^ 

;K i^|$x^;U, r-^^P^^h>, r- 

^P07^h>, ftKn-7'ab"Jl/ % ftBfi-^nt'jU, 

S^^n-^>^JU, g^Ks e c-^>^;U, fft^ 3 h 

r-tehftM^^Jl/, T-fe FS^Kx^;U, ft»x^u 
40 >y; n-;l/^:y^^;l/x-f*^, g^^x^u>^yn 
-W/xfjVx-fik iiyx^k>^']7^ 
y^^x^r;k S»i/xf i/>^'ja-;R7xf 

;l/X-^;l/ % fti7'Dh'l/>^'J 3-;^/y^;bx- 

StK^*nb°U>^y n-;U^y xf;bx^r;k 
i^tt^P b*u>^y r3-;i/^ey ^ab^x-f-ik ftK 
7 l Pbk>^'J zj-ji^y 7^;l/x-f;k B^K^^'n 
bl/>^''jn-wy^f;l/x>-f;k WBt^-^Pt'U 
> y y Z3 -;l/^r y x^^x-f-;l/, ^I^M ^ U r3 . 
so ftKyh + *yh«;yy3-;k ^p tr*>Hx^;k 7 C 
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x^Jk f\Mn-y**)l>, Mn-7^k 7P>i>>x 

[0 0 6 3] (o i ir 4 r^zj-yimn 

£ XJ/ £ tc » x X f - 
»*Ll>. **93<D^Wa«c»tt, ±IBCD?§^ (C) * 10 

[0 0 6 4] (iiWM^^i^^ L t J: 

c>. **iBTfflt*s c <t*5-r* urn, 
*SM, MM, y >M, h y # y y >g$ v 

*«"c#s. mwmtLxit, mm* mm. ^ntr*> 

M, -~0£>M, ^+U">M. ^ 

^£>k, -r^M* s-^^m* ^u-r > 20 

M, ^^^vp>i, 7^tr>M. *?'^»M* iSAT- 
M. f&Wl. * hm, T^*F>M. 2- 
x*ji^*ij*>M* *u-f>M> xf7'J>t yy- 
^M. U*y*^M, SIfSE, p-7; 

^^a#M, p-h;i/x>^JU*>M, "<>-fef>x;b* 
>®L ^e^ppSt ^^dosb, h'j^poft 
M, hV7;btPM, *m vp>H *;i,*>M* 

7^ji/M, y^)im, ^^>wt, shu ^^m, ^ 

[0 0 6 5 ] **KCD^7&«iS*a«±CC^0 30 

fc«rMiLr«* , r*J:9ft{t'&«»*>d*tis. nf* 

#JCc «3f #jS£* >Stxxf ;l/ jjt" >Mx XfJl/ 

flnMSfctt^cciO^WLrMifti-rsfl: 
sortj;^ c*i6©Mia^©wan«»a««»iu 

T{±i£4tt£— ( 1 ) - (3) CDS i OR 1 ! 1 
;UCC*fL 1 ^WJTF* iff* l>< 1*0. 1 ^JHUT**^ 

£>&o 40 
[0 0 6 6] «±1&BJ3 Lfc*»IBtOSfe*a««Hi, 4 W 

Ux-^jI/^d ^ntfy v-. M£ C 
i tc J: o r S ti * *?Ltt y * SM©tbl£ 

4M1. 2W«Btt©r;Un + ^^^>^<bcDSJ£*, # so 
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Ux-f;^p * ^n^ry v-4M©fPffl«c<fc0fiBJir 
[0 0 6 7 ] *©fl&, WSr*tltf, F 

[0068] sXtc^mm&mmwommiimc^ 
( i ) (2 ) feioy^/ds-is 

(3) OTJU3*S/^7>*ffl«miO-Cftii^ 

•#y v-ifctt»««:jnirfeai^. —MS ( 1 ) 

<t— MS (2) te<tO*/*/c«— M=S (3) {C*6*»D 

«M*y^-*fcjaa^*»ftiL/TiBC»r3&>6, fin 
MH^st6*fTor*><tc». 

[0 0 6 9 ] + 

5c «**iiW"c & & ■ r ^ 3 * >> > ^ > ic*t -r -5 7K 
ran**©*— mw-c*4jW, *^^r»^rfe^ 

— <fcS#4fcACC7^3-;U&4oiga**l?Sli"S, 

[0070] ymm^mm, mm^K^^mttc^ 

( l ) MWWte*3WiflEfc±#*©r, ^«co«0 
tt*sWffr*M/|[*i^-ccr*s, (2) Sfetcj/y^ 

KCc^BC€>cDr, MiR«*sfiC«9M< , J:0»*L^. 
[0 0 7 1 ]*^CteCit, 7;l/r3 + ^^>^>^flp7j< 
»»tSitOilgiiIf0^15 0 °C, Jf*0<« 
O-IOOU i:^)W^U<ti0 D C-5 <rcr*4„ 0 

«cM3ni>^ y ^miEi*(D«^« 10-90 

*T* L< « 2 0-8 5%, <£0#Sl/<5*3 0-8 

( i ) *><fccjc (2) waassnartrior, b*l< & 
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[0072] ^ *sv xmmwvM&mr&mT&i; y 
T)i**)&m*s<t;uik<Dtsafr> i 5 p p bar, wcc 

lOppb fetTr*-5Ci*s^»Dfiy-^1ti*©« 

»*6«A-r«»&*i*o, ^y^sgf* (a) , mm 

(B) (O &df«KBfc£KJ:») 

[0 0 7 3] *»9i-Cti«±©J: J 5CCUT»6ti*Jfc?t 10 

fg{*£ yjMbs c t cc j: o r , > y t>/mm^ y v 
#2^3 011^*44, mmomB&mmftmsst 20 

ttttl (C) $cJ:£#WcJ:oTtTfcft&o £B»$M«* 

crti^sss it f#6n^ ^> p*u*xb£ 

«J£>11% <b L r 6 ft £ o 
[0 0 7 5] ##M8K:*5i>T, »«0»jaEBS«±«:* 

OlftJUWOHBitcflB l> 4 CC tt* fcT > :a - h #s*kht* 

C4CcJ:or 0. Um-^10 0 MmtDilrMirS 
& 0 1 0 0 um£K>m^t 25 v i'tfjfflt*^* 

[0 0 7 6] ISil/tB^y^^ y;Uvr.^A^cD 

*»5^>fB(^^, ^*sa^y^>, t;U5?\ 
^^-^r, ^i/3^r, M<b>yn>, ^<b^^>, s 
ffc*>iuk 2<b***. *3Mb^fe****iJ->* 
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[0 0 7 7 ] aM^^SfcSfcft^ ±tEStg<D^ffi£. 

*6*>i;«>a»fii±JWr«ifflL/-cfcJ:i^. ccD^osg 
«fS]±SJ4 »c*fo«>4 * ^ y > ^Sfl ilt 

»^hS4©W^-»)A+u- Hb£«tt<!f*tt 
ffl-f 4C£*n?*4 0 #tCtmtcm^btiZ>i><D±L 

b Crisis? l/> b^;i/F'J^Pa^>, t^^MJi 
F^>>"?>, 3-^PP7 e nt^F'J^h^y^7 
> k 3-^aP7°at'JMfji/^^PPv7>, 3-^ 

PP^Pk'JM^^ F ^>^>^>\ 3 - ^OP7'o 
bvuy^rt/^x h + ^>>^>^ 3 h^Ph^ 
F y m h*^>^>, 3 - yy i/ K + i^n fcT;U h y ^ 
F^V^X 3 - y U F^^^Pt'J^^y^ h 
^>>"5> 4 3-^^^'JP^y7°Pt%F'J^ F + y 
3 $2 y u^>:/n tf;l/y^-j|/2^^ 

— h T)\y ^ -^Ay-f V7 s p f U - h , 7^^-)Af> 
yx (x^^7-feh7-fef-F) , 7;b^^At^ 

7JH^^Ah»J^ (T-fe^il/T-fe h* - h) ft 4 

[0 0 7 8 ] cti6©«#idi±sij*^-r4{c*/c^r 

KttWfiCRffiSti&t^ jl^T(* 1 0 0-3 0 0°C. iff 
£L< U 1 5 0-3 0 0 C C, y;b{fcSlS{C«r*WFlHtt 

<B30^5«flH, J:«9C(D»^L<«l^-20#f B 1 
r*4 0 co*mcj:0, *W<flflE**©^y*BHB# 
(D ¥ M tS£^+5> CC Wil L 5> y * i ft * . 

[0079] t/y*oi»^*i it i oo%jfi< ^rii 
a*tt9 5%«rar*s. c©«£<d 

SS^i oo°cj:«pfc(Sc^<t, fitrir*s#'J 

y^-wiftssn^ftso-c, ^sicDiS^s 

ft^CotL*5. */c, 3 0 0°CJ:0 feWC»4. g 

[0 0 8 0 ] c<DJ:5«:cr»6tifc^y*/w«l*y 
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»c*s. l*u ls i &msm<Dmmw±bx$t> 

y **g|K:£»-r £ C £#»* Lc». 

[ o o 8 1 3 s/ y iy/mm^ y v-m&immto ^mm 
tto^fttt^ y *»«^w:, > y #/*r«# 

tf, ^y#/w«#y ^-«£f**at*©w«* y 

r-oAh-rcca*. *cd*S*. £H&»WB<, mw$<D io 

fit >*att^ y xmrnzm s c £ #r » a. 
[ o o 8 2 ] y ut b 4 an 

cD^«f*^T-S3fi V n ^ x t<c 4d i * r $Acc^g jfc ojffiv & 
a*oaiMuiit»3 o o-4 5 era 

L< «3 5 0-4 0 0°C©t6fflr*So 3 0 0°CJ:Dk 20 

[0 0 8 3 ] &MN9ffitt 1 0#- 2 4 B#fffl<DiBH^f 5 
C £***?* Ll>. J??* U< ttl 0#-5fl#(HL WCCC© 
L< l#-2H#fffl-c&£ 0 1 0#J:0JSlr>£#« 

^Ltt^> 'j ^n^T^ti irwiw^f mm 

£?J1A S -if /c 0 £ c > o btt#H»Tr ff 5 c £ *> pj 

trc****, cow^ccBwifttt^^oaiflrt, s/y 

L a I > J: 5 Sc«fl[ SfffllT 4 C £ #*? S 0 C > . 

[0 0 8 4] *H«*ccr>*^r, **tt£*t 40 
#&St*. vy^^tc^ffLrc^^^^-jus^rS 
3 * s c i j: o r ^?Lf§ > y # ssco^Stt^ « $ 

y #?mi*<djs«m* y l < 

5tei£bfc<fc^&W«W<y v-co^)B^/xcCcfc^±BIScD 

f ts # y v - i *ast s c i r , 3 6k:* so 
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-5. 

[0 0 8 5 ] y jj/mm* y ^-tte«»gi 

* 7*mtc&# y v-t^s^f * 

f^tffitOSK^ffltUc J; & x t- ^ ^*gt IWH« 

[0 0 8 6 ] fiLL *«i^?Ltt^y*|»il*ffll»4 

LS I^<D^«EM^il6«ftK^Kr»2 B 
?Ltt5xy^7«i<DitBt«*», a*2. 8-1. 2, » 
^b<«2. 3-1. 2, S6tCff*U<B2. 3- 

i. 6r$)^ D coitmmm^mMom^mj&^co 

ttmmtCte^X % 2 0 n m«±©ffi?LttS«±B#6ft 

[0 0 8 7 ] **wtc<to#e>na^Ltt->y*auR 

»««^(0^tjl,^tt<o*?LttS/y^7#, /c£^.«jg 

ffj. «««»£'£ Lr««-rsc<!:feoj«-c*-& 0 

[0 0 8 8 ] 

£*5C J: «5 fii 6 HS 3 ti 4 fc<or»ft C ^?Ltt 
y «ffg|HaAOtt%IEJm« <fc ttBTfE 

( 1 ) 5/ y ^ffl^tb 

N M R tc J: * y ^ h $m L ««r « L , 

-en 6 tb-r s c t vm^mmm^ «c**hi7;^ 

7iF+^>7> (TEOS) i^^yih^ 
^> (DMDES) *»lifc*»^<Dfl|gtcfiODMDES 

@hos i m=f-<o*:)i% {isvxm&itk) <D%m&*Wi 

: JEOL-7A^400 
*J^*— K : NNE 
IS*4W: Wll 0mm, WS3mm 
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mm) 

m»mm 13000 

PD (^'A<;*fwU-) 2 5 0# 

BF (7P-F^>^7 7 ^^) 30Hz 

DMDES©W/o- 10 Ox (D0 + D1+D2)/ 
{ (T0+T1+T2 + T3 + T4) + (D0 + D1 + 
D2) } 

(St*, TO, DOtt*tl*h±K<D*IBrJB|S|.(OTE 10 
OSfecfcO'DMDE S^xF^^lW< <b SB 

tJl/»»*a[**L ( TL DKiTEOSteiO'DM 
DESOSSi (D— «Bf*BII»OS i IT-iitS-f^: 

#Sift*3IU T2. D2»TEOS*sJ:yDMDES 
*(D*S i ©-®bWBS®<DS 1 KT-ilBRIIK^t^O 

ru^it ffjjsR 3 ti & momm 3 *i z ^ # * ^<rmsm 

ffi**U T 3 f*T E O S *P<D S 1 CD=«»f*S|»»0 S 
3tlSS/^iKDfi»*ffi**L/. T4tiTEOS*(D 

[0 0 9 0] ( 2 ) thSf*^ 

V U v F^f- h^^t-^> httS^S SM4 9 53SB 

< 3 ) mmm-jz 

»; v h : 1/6° , mi^ U 9 h : 1/6° , 1; 30 

*n-eti40kV<b50mAr»J5EL/c^ ^vgtc 

ffitt2 0/0^3K£r, fSXf u> r/«0.02" il/c 0 
(4 ) ^>^^^.^^ 
MTS Systems Corporationttii^^^>r : >^- DCM 

»— ^{iffl«l*;£tf>/Co II(l3>^^f>xr^^^ 
H= P/A 

CCt, P»HBnL/fc««-C*D. SttSftAK&MSB 
[0 09 1] 

[ttl ] 
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i-1 1/2* 

A=24.5h c z + 2 m-hc 
i=0 

[0 0 9 2 ] C©^*3ttE*©»ah i«©M«{C 
he- h - £ P/S 

E r=GT it • S ) / 2^ A 

Er =[(1 ~i>s 2 )/ Es + (1-uf )/ Ei ] 1 

ccr\ WJ*rv>iL i?SW>7';i/. i [tK^ 
*^To *»itttvi=0, 07, Ei= 1 14 iG 
Pa,* fc*ttf40!i<T v v >Jttt*fcrc*4*s v s = 

0. 1 8 iLrif>^CD^>^> ? A 5XEs^»ffl 
0/c o *»MfC*J»4+'>^- : t^*^^B. 0. 8 
M-l. 2 MmCD»J5r#J5ELfco < 5 ) #.X#££S : 
*»W¥WTGA-5 0«rfflC»TlW«^lPf (TGA) 
*tfC\ M*^2 0°C/#T4 2 5'C*rffflU 4 
2 5 °cr 6 0»IH«^L/c8(r»©WI«^* (11%) 

[0 0 9 3 ] 

rh7iht^>7>l 3. 2g t 
Jl/^xF^^>7>2, 0g, x^-^23. 5g, 
7k 1 6 . 2g, 0. 1 mo 1 / 1 <Dffim3. 3g©I^ 

Wt\ #yx^i/>yj3 - sj< y b' u> y y 
0 , # y t: u > y y =J -il/SIJ^Ott^^aB 3 

200) 3. 8gai, sars^wft^uscesti- 

£6 -f^^ija^-) *^±tC3m 1 fiST L, 1050 
rpmtcreOttBH(Bfc*bte. <e<Df£^M* 1 2 0 
n cccri7>pa, 2*#H«T2 o o°cccr ib#hl 
r^is#HMT4 0 o°cccr i^p^^j&ot, Mil 

#0. 9 6/im©*fttt>';*»M*»fc B f#6*i/c« 
■*0 1MHz«:*JW4J:b»«»«2. 17, f>M 
^jL^*tt5. 26GPat*-3fc„ 
«tt2 9<«Tr*ofc. 
[0 0 94] 

0) 3. 8 ff*ffl^teJ^fctt*lfc«l iBI^aH^t 
m*. ffiil^O. 7 7 MmCD^JLtt^U *W«*f#/c 0 
f#6nfc*«©lMHzJC*jW*J:t»«*B3. 11. 

[0 0 9 5] 



(16) 
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o^^*WRLfc. f#6nfc»no«w»o. 8 5/z 

m, JtBt**»4. 55iAt<, teiiliiriJ^ 
[0 0 9 6] 

y^x^>»7>0, 2 6g, x£>>-;l,3. 1 
g, *2. lg, 0. 1 mo 1 /lCQ5ft'$0. 4 3gO 
«^»tc, «*©a^Jt*feo#yx*u>#y ra-ji, 10 

( W^t-s 6 4 0 0. ^';7'pt 4 u>^y3 — jubs 

#©»¥*&«^«tt 3 2 0 0 > (a) ±#yx*lx>^ 

( b ) ©S^gf 0 . 50g ^rtJP^, ISt 5 B#ra«Hf L 

^>fi*(DS iJST-ti-f^ri 6*r;l/%T*ofc 0 * 

1 0 5 0 r pm^cr 6 0»IHia(E**Lfc Q 
[0 0 9 7 ] 2 0 o CJCt 1#|HL gj& 20 

^HMT2 0 0 °C(CT 1 B$|BL l*C»rSa»B»T4 0 

£f#/c 0 »»«©ig!ft1*fe«ai ( 1 ) cc^n-siio, ^ 
T*ifeJtB«*tt2. 5«T\ t>^*7XB5G 

ofc D f&*>^ JBc»;fc««W<y v-©5 ^'jx-f 
[0 0 9 8 ] 

[»]8-12] f h7Xh+^>7>13. 2g, 30 

5g, *16. 2g, 0. lmo 1/1C0HK3. 3g 

^y n-;i/-7f<y x?-u>^y (»^^*6 
4 0 0, *'j7'Pt , i/>^ y n - ^SlWK)**^*^* 
t*3 20 0) 3. 8 g£jJ0x, Sfflr5«FfKiaB¥LSJC6 
3tffc 0 *(Df£5 0°C, 5 0mraHg(Ctx^^ 
SSL, 19. 0 g£t*g«L/cf£, 0. 4 8gfo/h 
#l*U *0. lg, «*Oi@«3. 8gm/c fl f# 

>^x^±(c3mlITL, 1 0 50 rpm(Ct60# 
Ltc 0 *<D«ffi»cfj l 2 0 °CCcr 1 #fSJ, ^ 
^#HMT2 0 O'CKT 1 B$|HL fcl>TSE**H»T4 

o o Q c^cri B#raflDi»^ur. «*©^Ll4^y#» 
K*f#/c 0 mmmom^mm (2) tc^sn&iio, 

formate. 3 6tc*fx^jttt-r^r2%*»r* 

[0 0 9 9] 50 
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[*)W(13] f h7xK*/^>l. 0g, 
J^xK'»7>0, 28g, x#y~;U2. 35 
g, *1. 6 0. 1 mo 1 / 1 CDffiMO . 3 3 g <D 

a^BMc, ?i<yx^u>yy3-;p-#y 7'ati/>^ 
yn-jl/-#y x^ix>^yr3-ji. (t?^16 4 
oo, #y^pti/>^ja- ^aK^floft^^Mtt 

3 2 0 0 ) 0. 3 8 g«0l *fflr5«FlB9B*L/SJ£ 

©S iMT-»2 6*Jl/%r*ofc. C 6 
S/yn>«?*^±CC3mli«TL, 1 0 5 0 rpmict 
6 0*MHH«ftofrLfc. *©f*^»cfj l 2 0 °CiCT 1 5> 
fffl, ^*#H»T2 OOTOt 1 B#fH, «OTS3RSH 

«T4Oo°acri0#fflM^ur, imwo. 8 5 

^mO^Ltt^'MMtflfe, f#6ft/c*tt<Z>lMH 
z&cfctt 2. 2 4, f>^y^X[J 
5. 60GPa"C*ot 3 6iC#*#&£«£2%*« 

[0100] 

[Jt«W3 1 *yx^u>^y n-;U-;J<y :/ntru> 
^U>^y ^;l/X-T-iU (i?Wl60 

o) o. 3 8ff*ffl^teaj^tcttjdii«i stm-com 

fc„ f#6n/c»MO 1 MHz«:*5WSJt»«*«2. 5 
4. + 5 XfcJ: 2. 5 0GPaT&r), *ttt»J 

l 3iJt«br«|«*ttW<, «*fift«tt(fic*it^«s 

[0101] 

[^Jfctfll 4] f h7XF^^>^7>34. 7g, x^ 
y-;U6 1. 8 g, 7R4 2. 6 0. Imol/lO 
W»8. 8 g£5 O'CfC-dW^L&^S, hy^^;ux 
Ft^^7>l. 0 gCDx£y-Jb ( 9. 3g) g®?: 
lWMfrWrjBTOfc. »6tifcjS«05t5 2. 7g 
?L^x^Jb2 5 fir*»JDU SOU 50mm 
HgCCT««*S*L, 2 5. 9g*«fflWcfi * 
0. 6 0g, %Wl*?)\,3. 2gWc 6 C<D*g«tD 
5*s5 gS/]N»tfb, #yx^u>yyn-;l/-#y 
nt'U>^U r3-;l/-^ryx^u>>/y 
^16 4 0 0, #y^tafU>yyn-;l/gp»©»T 
W1B3 2 0 0) 0. 6 & *Jffl;fcT««3t*\ 

[0102] ^c©coiSfiS*6 -{>^>y 

CC3ml«TL, 1 0 5 0 r p m«CT 6 0#IBiaiSSMB 

b/c 0 i 2 o °ctcr 1 5>ra, s*fPHaT 

200'cccrmra, «lt^Ta*#HSlT4 0 0 o CCcr 

i mmmmmf&Lx, mm** i. is um<D&n&is y 

*S»«*ff fc e f#^n/cS)KcD 1 MH z &c*$W4fcfcBiW 
*t*2. 28, ^>^^e> > ^^X^4. 94GPat* 



(17) 



2003-89768 
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[0103] : 

o) o. 6 g&m^itisXftmtzmwi 4 iRi— 

/c 0 f# 6ftfcaWR© 1 MH z CC*JWSJtBt«*tt2. 3 
9, 5X1*2. 3 8GPaT'*0, 

t^^?MSt*o/c 0 10 
[0 10 4] 

Cib««5 3 h^-rf 0 1 . 3 

y ^ h*^^^>2 0 3. 0 g, 

^h>2 3 9. 7 firOfi^iSifiSiC, 7l/-f>il. 0g 
**157. 7g ccS*Lfc*aSf»*^flr 1 «p|B*» 
»r«TL/t. «^«©SIIT»T«. §6^60°cr2 
9# ffflSJCE3i±fc<D*>. *EK4IWi 1 . 0 0 0 g 
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[0105] ±tar»fc#y^n*if>v' r Ji' i o o g 

(i0»2Og)(C, ^»JttVx^U>-^'jt + ^ 

(=SMfcJ« (t*) *L ~.»-#--fc6 1 [HO-PEO 
2 -PP0 30-PEO2 -OH«) 3. 5g«0L R 

0°Cr5^ra, *^tl*T2 0 0'CT5#|ffllJtI 
S&Lfc©^ 5 6^C*^T-C3 4 0°C, 3 6 0°C, 3 8 

o -cvrnv^Mti 3 0 »pifo» $ 6 cc nar 

4 2 5°CriB#ra»Dl»L, ft^jgHOltftJ&JSL*:. 
»6nfc»«<OJtWt*tt2. 4, +>>y*r^»9*tt 
3. 2GPat*o/c 0 a/c, ^H41li2°/oJ:«)^ 

^O/Co 

[0106] 

[an 



[0107] 





0*3/7? 


0.74 


2.4 


5.14 


<1 % 


3 


0.5/7.6 


070 


24 


514 




4 


1/7 


076 


2.3 


5.22 


<i% 


5 


2/6 


0.77 


2? 


5.82 


<i% 


6 


3/6 


0.82 


2.3 


5.00 


<i% 


7 


6/3 


0.B6 


2.3 


6 92 


<i% 








IMM/utrt 








8 




0.84 


2.20 


4.92 




9 




1.17 


220 


4.42 


<29* 


10 




1.30 


2.20 


4£0 








1.20 


220 


496 




12 




1.65 


2.30 


4.44 


<2% 



[0108] 



★ t^CMP XfM&C+^W * . b'T ffMB^CD^fe*/ X 



(51)Int.Cl. 7 laSlJIB-^ FI ^K(«) 

H 0 1 L 21/312 H 0 1 L 21/312 C 

— 43038 BA022 CB002 CC002 CD002 

CE022 CG032 CG142 CC162 
CG172 DD002 DE002 DF012 
DF022 DF042 DG032 DH002 
D3012 DJ022 DK002 DL021 
DL031 DL032 DLlll 3A17 
J A3 3 3A53 KA06 NA17 NA21 
PA19 PC02 PC03 
5F058 BA20 BF46 BH04 BJ02 
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[&ff B ] ^^17^8^ 110 (2005 . 8 . 11) 

[ & ffl # ^ ] # $ 2003-89768CP2O03-89768A) 

ftl5#3^ 28 B (2003.3.28) 
[lUIlt] #|R2001-283571(P2O01-283571) 

C 0 9 D 183/02 

C 0 9 D 1/00 

C 0 9 D 5/25 

C 0 9 D 183/04 

C 0 9 D 201/00 

H 0 1 L 21/312 
[F I] 

C 0 9 D 183/02 

C 0 9 D 1/00 

C 0 9 D 5/25 

C 0 9 D 183/04 

C 0 9 D 201/00 

H 0 1 L 21/312 C 



mtUB] ¥fi£17^1^ 26 B (2005.1.26) 

m3Ett&mE%] ooio 

[0 0 10] 

mm z ffiVk? & tz t> <d 

[^H*tjE2] 
[*&»«#*£] Bj^# 
HIIE**Sfe«B£] 0 0 8 9 

[ 0 0 8 9 ] 

— fflt LT, 7^3Jf->y7>tLTf h7Xf^yy7> (TEOS) ty^f;Vy 
(DM D E S ) tffl^^Ji^MMt^^DMDESfeHWS iJg? 

: JEOL-7A^400 
iWSE-t- K : NNE 

: nm 1 0 miru rtg 3 mm 



(2) JP 2003-89768 A5 2005.8.11 

»#@ffc : 1 3 0 0 0 

PD (A^^fV V — ) 2 5 0# 

BF (^n-Ki>^7r^-) 3 0 Hz 

a ± <d m &m n & -t vm # * & # *l >t §m £ « v > t t k * -r it # a j: *> #r m -r 

& o 

DMDESCO^;W%=100X (D0+D1+D2) / I (T0+T1+T2+T3 

+ T4) + (D0 + D1+D2) ( 
(5£tK TO, DO tt**L-r*l±Sa<7)||fl|-eSjH-<7)TEO Sfeii^DMDE S+<7)^h* 

Jg£^U Tl, DlliTEOSJ3J:tfDMDE SfiD#S i <?>— 1Sj?r?&«ISMg<a S i Jg^fc 

D 2 (i T E OS^iCDMDE S #<7)#S i ®B»f *> S P^<7> S i KT- £ MJK^£^r L 
Tte^L"C3£j£3*i;fc£Kffilfli3 tl& S/^/l/<Dflf#Sfcft*£U T3iiTEOS^?>S 

■J-;K*)8f frSftJftfr^U T 4 liTEO s+cos i ^M^HHi^ s i 



